PATENT APPLICATION 
UF-10164R 




TITLE OF THE INVENTION 
SUPERANTIGEN ENHANCEMENT OF SPECIFIC IMMUNE RESPONSES 



The research which forms the basis of this patent disclosure was supported in part by NIH Grant 
Number R37 AI25904. Accordingly, the U.S. Government may have certain rights in this 
invention. 



FIELD OF THE INVENTION 



This invention is directed to methods and compositions useful in enhancement of specific 
immune responses, including those against pathogens and tumor antigens, by optimized use 
superantigens. 



BACKGROUND OF THIS INVENTION 



The term "superantigen" as used herein is to be understood as meaning any substance which, 
while preferably is ineffective at inducing an immune response against itself, is effective in 
enhancing an immune response to another specific antigen. 

Superantigens, as defined herein, have been known in the art for some time. Superantigen 
microbial proteins that are potent activators of large numbers of CD4 + T cells interact with MHC 
class II molecules on antigen-presenting cells and with the variable region of the beta chain (Vp) 
of the T cell receptor (TCR) on T cells, thereby causing profound T cell activation (1). In this 
way, as many as 20% of the T cells in a typical T cell population can be activated by the 
superantigen. This invention provides a method for use of superantigens to expand large 
numbers of T cells to treat or prevent a wide variety of pathologic conditions, including various 
forms of cancer, specifically in cancers where tumor-specific antigens can be used to confer at 
least some protection to the host. This invention disclosure demonstrates our discovery that 
administration of superantigens after immunization with killed melanoma cells induces 
significantly longer survival times for mice challenged with live melanoma cells (50% of mice 
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are protected against lethal doses of melanoma cells, while 50% of mice treated with vaccine 
alone or superantigen alone die within about 31-38 days). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows data comparing the number of days mice survive a melanoma challenge when 
vaccinated using various immunization protocols, including first immunizing the mice with the 
tumor antigen, followed by administration of superantigen. 

Figure 2 shows data comparing the timing of superantigen administration following antigen 
administration to the timing used in figure 1. 

Figure 3 shows data in which the cytolytic effect of spleen cells activated by administration of 
tumor antigen followed by superantigen administration. 

Figure 4 shows ELISA data showing development of humoral immune responses as a result of 
antigen administration in combination with subsequent administration of superantigen, as 
compared with when antigen or superantigen is administered alone. For the BSA+Superantigen 
experiment, the protocol employed administration of 0.5 mg of BSA intraperitoneal^ on day 0; 
administration of SEA+SEB (25 micrograms each) intraperitoneally on day 7; harvesting of 
blood samples on day 14. 

Figure 5 shows the inhibitory effect of the cytokine IFNy, the production of which is enhanced 
by administration of superantigen, on growth of melanoma cells. 

Figure 6 shows protection of mice against tumor challenge is dependent on the timing of 
superantigen administration following vaccination. C57BL/6 mice were vaccinated i.p with 
lxlO 6 irradiated B16F10 melanoma cells at day 0 and subsequently injected i.p. with 25 (Jg each 
SEA and SEB at either day 6 or 10. As can be seen, Mice receiving no treatment, vaccination 
only, and SEA/SEB only served as controls. All mice were challenged i.p. with 2.5 x 10 5 live 
B16F10 cells at day 13. Mice were evaluated on a daily basis and sacrificed when moribund. 
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Figure 7 shows protection of mice against tumor challenge is dependent on dose of superantigen 
administered following vaccination. C57B1/6 mice were vaccinated i.p. with lxlO 6 irradiated 
B16F10 melanoma cells at day 0 and subsequently injected i.p. with 6.25 pg, 12.5 |Jg > or 25 |Jg 
each SEA and SEB at day 10. As can be seen, Mice receiving no treatment, vaccination only, 
and SEA/SEB only served as controls. All mice were challenged i.p. with 2.5 x 10 5 live B16F10 
cells at day 13. Mice were evaluated on a daily basis and sacrificed when moribund. 

Figure 8 shows vaccination followed by superantigen adminsitration results in increased 
tumoricidal activity. C57B1/6 mice were vaccinated i.p. with lxlO 6 irradiated B16F10 
melanoma cells at day 0 and subsequently injected i.p. with 25 pg each SEA and SEB at day 6. 
As can be seen, Mice receiving vaccination only, and SEA/SEB only served as controls. 
Splenocytes were harvested at day 9 and CTL activity was determined by standard 4 hour 51Cr 
release assay. 

Figure 9 shows superantigen administration results in increased serum levels of IFNy. C57BL/6 
mice were injected i.p. with 25 pg each SEA and SEB. Serum samples were subsequently 
collected at appropriate time points and analyzed for IFNy by ELISA. No IFNy was detected in 
serum from mice receiving no treatment. (43 pg is approximately equal to 1 unit IFNy). 

Figure 10 shows that IFNy inhibits cellular proliferation of B16F10 melanoma cells in a dose- 
dependent manner in vitro. Cells (lxlO 4 cells/well) were treated with or without IFNy at 
concentrations ranging from 0.1 to 10,000 units/ml for 72 hours. Cells were then harvested and 
the total number of live cells was determined by direct cell count. Cell viability was 
approximately 88%. Data from representative experiments are expressed as total number of cells 
per sample + S.D. Statistical significance was shown by Student's t-test between the number of 
cells in the presence and absence of IFNy (PO.04). 

Figure 11 shows protection of long term survivors against rechallenge with live B16F10 
melanoma cells. C57BL/6 mice surviving beyond 150 days following vaccination, superantigen 
agministration , and subsequent live B16F10 tumor challenge were rechallenged i.p with lxlO 4 
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live B16F10 cells at day Q. Mice receiving no treatment served as control. Mice were evaluated 
on a daily basis and sacrificed when moribund. 

Figure 12 shows vaccination followed by superantigen administration induces a specific immune 
response. C57BL/6 mice were vaccinated i.p. with lxlO 6 irradiated B16F10 melanoma cells at 
day 0 and subsequently injected i.p. with 25 Mg each SEA and SEB at day. 10. Mice receiving 
no treatment, vaccination only, and SEA/SEB only served as controls. All mice were challenged 
i.p. with lxlO 6 live Lewis lung carcinoma (LL/2) cells at day 13. Mice were evaluated on a daily 
basis and sacrificed when moribund. 

Figure 13 shows superantigen prolongs the survival of mice with established tumor. C57BL/6 
mice were challenged i.p. with live B16F10 cells at day 0 and subsequently injected i.p with 25 
|jg each SEA and SEB at day 6. Mice receiving no treatment served as control. Mice were 
evaluated on a daily basis and sacrificed when moribund. 

SUMMARY OF THE INVENTION 

This invention relates to superantigen mediated expansion of antigen-specific T cells for cancer 
and infectious agent treatment/prophylaxis. Mice were injected with inactivated B16F10 mouse 
melanoma cells, followed by injection with a combined SEA/SEB injection or a sham injection 
on days 3 and 6, followed by day 4 challenge with live melanoma cells. The SEA/SEB recipient 
mice survived longer post-challenge and had higher CTLs against tumor cells than did the sham 
injected mice. SEA/SEB TCR activation has been reported to be independent of antigen 
specificity of TCRs. This invention provides a method whereby a combination of 
Staphylococcal enterotoxin superantigens is used to enhance specific immune responses to 
activating antigens to enhance immune responses against cancers and infectious agents. 

Accordingly, it is one object of this invention to provide superantigen compositions with varying 
VP specificities for enhancing antigen-specific immune responses to various pathologic 
conditions associated with specific antigenic mediators or markers, including but not limited to 
tumor associated antigens. 
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A further object of this invention is to provide different combinations of superantigens in order 
to expand the V(3 repertoire against specific antigens, including but not limited to tumor 
associated antigens. 

A further object of this invention is to provide a method for inducing cellular, humoral and 
cytokine responses that confer host defenses against various antigens associated with a wide 
range of pathologic conditions, including but not limited to tumor associated antigens. 

A further object of this invention is to provide a method of vaccination against various 
pathologic conditions, including infectious diseases, tumors and the like which comprises 
administration of specific antigens associated with the specific pathologic condition sought to be 
prevented, followed by a regimen of booster vaccinations and superantigen administration at 
optimized times and dosages, in relation to the timing and dosage of administered vaccine. 

Further objects and advantages of this invention will be appreciated from a review of the 
complete disclosure provided herein, including the claims appended hereto. 



DETAILED DISCLOSURE OF THE PREFERRED EMBODIMENTS 



Microbial superantigens are potent activators of CD4 T cells. Superantigens can activate large 
number of CD4 + T cells, thereby causing the production of high levels of cytokines (1). The 
predominant cytokines produced and released during superantigen activation are interleukin-2 
(EL-2) and gamma interferon (IFNy), both of which are intimately involved in the cascade of 
cytokines produced during immune responses. The levels of cytokines produced are higher than 
those normally achieved during conventional antigen-induced T cell activation, presumably due 
to the potency of superantigens in activating large numbers of cells. 

Superantigens interact with T cells in a manner that significantly differs from conventional 
antigens. Superantigens function as intact molecules and bind directly to MHC class II molecules 
on the surface of antigen-presenting cells (2). Superantigens can be presented to T cells by many 
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types of immunologic class Il-bearing cells, including monocytes/macrophages, B cells, and 
natural killer cells (3). Binding to class II occurs at a site outside the antigen-binding groove (4, 
5). This complex of superantigen/MHC class II interacts directly with the V(3 region of the TCR 
on T cells, thereby causing T cell activation (6). 

To date, approximately 60 different V(3 elements of human TCRs have been identified. The 
subsets of V 3 -bearing T cells that are activated by one superantigen may differ from those 
activated by another superantigen (Table 1). Three toxins produced by Staphylococcus aureus 
can be used as examples. Toxic shock syndrome toxin- 1 (TSST-1) interacts with mouse T cells 
bearing V(315 and 16, whereas staphylococcal enterotoxin A (SEA) interacts with Vpl, Vp3, 
V310, Vpil, and Vpl7, and SEB activates T cells expressing Vp7 and Vp8.1-8.3 (7). Thus, 
superantigens induce expansions of unique subsets of Vp -specific T cells, as many as 20% of 
cells in a given T cell population. 

T cell stimulation by superantigens causes proliferation and the prodigious production of 
cytokines, primarily from CD4 + cells (8-1 1). The predominant cytokines produced and released 
during superantigen activation are interleukin-2 (IL-2) and gamma interferon (IFNy), both of 
which are intimately involved in the cascade of cytokines produced during immune responses. 
The levels of cytokines produced are higher than those normally achieved during conventional 
antigen-induced T cell activation, presumably due to potency of superantigens in activating large 
numbers of cells. 

Upon stimulation by superantigens, naive T cells respond and then quickly become anergized 
and/or deleted (12, 13). On the other hand, T cells that are actively undergoing activation by 
specific antigen at the time of superantigen stimulation do not become anergized (14). This is an 
important characteristic of superantigens that can be exploited when attempting to enhance 
specific antigen responses. Superantigens can cause anergy and/or deletion of potentially 
competing T cells bearing the same Vp element(s) as T cells of a desired antigen specificity. In 
other words, T cells with a desired antigen specificity will be further and more potently expanded 
by superantigens while other T cells will become anergized. Thus there would be less 
"competition" for cytokines and the specific immune response will be amplified. 
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Superantigens have been implicated in autoimmune disorders, including experimental allergic 
encephalomyelitis (EAE), the mouse model for multiple sclerosis. EAE involves both the 
cellular and humoral arms of the immune response in that mice with EAE have autoreactive T 
cells and antibody production to the autoantigen, myelin basic protein (15). Superantigens have 
been shown to exacerbate EAE, suggesting that immune responses are enhanced by 
superantigens. This negative property of superantigens, and the complexity of the variously 
positive and negative results achieved through administration of superantigens has resulted in 
great trepidation when considering use of superantigens in the art of immunotherapy. The 
present invention is directed to methods and compositions whereby superantigen induced effects 
may be exploited to advantage in cases where immune responses are needed to be rapidly and 
potently enhanced, such as in the case of cancer and in the immunoprophylaxis of other specific 
antigen-associated diseases (e.g. AIDS, via enhancement of anti-HIV antigen immune responses, 
Hepatitis B, via enhancement of anti-hepatitis B vims core or surface antigen immune responses, 
and the like). 

The present patent disclosure reveals positive immunoprophylactic effects of appropriately 
administered superantigens on cancer using a mouse melanoma model (16). In this model, mice 
are challenged with live B16F10 melanoma cells administered intraperitoneally. Tumor cells 
given in this manner usually results in the death of C57 Bl/6 mice approximately 14 days after 
challenge. Disclosed herein are experiments in which timing of treatment with superantigens is 
optimized in relation to timing of tumor cell vaccination using this mouse model. These studies 
focus on administration of a combination of two superantigens, SEA and SEB. These 
superantigens were chosen for their wide arrays of V(3 specificities. However, based on the 
present disclosure, those skilled in the art are fully enabled to apply use of other superantigens 
and combinations thereof for enhancement of immune responses to any other identified antigen. 
Based on the present disclosure, those skilled in the art are enabled to develop specific 
superantigen compositions, including a single superantigen or combinations of superantigens, 
and portions thereof, for administration at specific times in relation to the time of administration 
of specific antigens, to induce an optimized cellular and humoral immune responses specific to 
the given antigen. Depending on the particular antigen used, from the present disclosure those 
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skilled in the art will appreciate that a different combination of superantigens may be optimized, 
but that such optimization may be achieved through routine application of the methods and 
principles taught herein. To this end, the Vp specificities of certain known superantigens are 
presented in Table 1 : 



Table 1 -Vp T Cell Specificities of Staphylococcal Superantigens 



Superantigen (Source) V|3 Specificity 



Mouse Human 



SEA (S. aureus) 


1,3, 10, 11, 17 


1.1,5, 6's, 7.3-7.4, 9.1 


SEB (S. aureus) 


7,8.1-8.3 


3, 12, 14, 15, 17, 20 


SEC1 (S. aureus) 


3,8.2, 8.3,11 


3,6.4, 6.9, 12, 15 


SEC2 (S. aureus) 


3, 8.2, 10, 17 


12,13.2, 14,15, 17, 20 


SEC3 (S. aureus) 


7,8 


3,5, 12, 13.2 


SED (S. aureus) 


3, 11, 17 


5, 12 


SEE (S. aureus) 


11, 15, 17 


5.1, 6's, 8, 18 


TSST-1 (5. aureus) 


15, 16 


2 


MAM 


5.1,6,8.1-8.3 


3, 17 



Based on the various Vp specificities of different superantigens, those skilled in the art will 
appreciate that different cohorts of T-cell subsets maybe expanded by judicious use of different 
combinations of superantigens. In this fashion, the enhancement of immune activation achieved 
by the superantigen composition used may be tailored to any specific antigen, to maximize the 
specific immunological response that is elicited. In addition, those skilled in the art will 
appreciate that it is frequently not necessary for the complete superantigen molecule to be used 
to elicit the desired superantigen effect. Thus, superantigen agonist and antagonist peptides have 
been identified which may be employed to advantage according to the methods disclosed herein. 
For this purpose, the disclosure of US Patents Nos. 5,859,207; 5,545,716; 5,519,114; 5,795,974; 
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5,968,514; 5,891,438; are hereby incorporated by reference. Thus, superantigen peptides 
disclosed in any of these patents may be used to advantage according to the methods of this 
invention to form compositions for enhancing the immune response induced by any specific 
antigen. Combinations of peptides with other peptides, as well as peptides with complete 
superantigen molecules are therefore contemplated by this invention. 

Having generally described this invention, the following examples are provided to extend the 
written description of this invention. However, the scope of this invention should not be 
construed as being limited to the specifics of the examples which follow. Rather, the scope of 
the invention should be understood to be defined by the claims appended hereto. 

EXAMPLE 1 

INDUCTION OF ANTI-TUMOR IMMUNE RESPONSES, WITH AND WITHOUT 
SUPERANTIGEN ADMINISTRATION 

In one series of experiments, mice were given an intraperitoneal vaccination consisting of 
inactivated B16F10 mouse melanoma cells on Days 0 and 7, and intraperitoneal injections of a 
combination of SEA and SEB on Days 4, 1 1, 16 and 18. On Day 14, mice were challenged with 
live tumor cells and monitored thereafter (Figure 1). Melanoma mice that received live 
intraperitoneal tumor cell challenge died by Day 32 of the experiment, as did mice that received 
only SEA/SEB (i.e., no vaccinations) or only inactivated tumor cell vaccination. The group of 
mice that received two vaccinations in concert with superantigens survived the longest - 100% 
survival up to Day 76, with one mouse surviving until Day 140, ultimately succumbing to a 
recurrence of melanoma. Thus, superantigens significantly extended the survival times of mice 
challenged with live melanoma cells. 

Mice that received either 1 or 2 vaccinations (in the absence of superantigens) survived slightly 
longer than controls, indicating the importance of vaccination. Further, we observed that mice 
that received a treatment consisting of one vaccination and superantigens died earlier than mice 
receiving one vaccination only. This can be explained by the ability of superantigens to anergize 
and/or delete naive T cells. It is likely that superantigen administration four days after 
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vaccination caused significant anergy/deletion in a pool of T cells that were specific for the 
tumor cells but that had not had time to respond to the vaccine. The fact that these mice survived 
longer than controls suggests that some antigen-specific T cell activation did occur. This is 
further suggested by the survival of mice that received a second round of vaccination and 
superantigens, where the second round of treatment was able to expand those tumor-specific T 
cells to the extent where mice survived the longest. Thus, the timing of superantigen 
administration following vaccination is very important. 



EXAMPLE 2 

SIGNIFICANCE OF THE TIME OF SUPERANTIGEN ADMINISTRATION IN RELATION 
TO THE TIMING OF ANTIGEN ADMINISTRATION FOR ENHANCEMENT OF ANTI- 
ANTIGEN SPECIFIC IMMUNE RESPONSES 



The results of the studies discussed above led us to study the timing of superantigen 
administration relative to inactivated tumor cell vaccination and superantigen administration. 
Mice were vaccinated once with inactivated tumor cells on Day 0 and superantigens were given 
either on Day 7 or Day 1 1 . Note that previously the first superantigen treatment occurred at four 
days, which was found to be too early to achieve an optimal anti-tumor response. Mice were 
challenged on Day 14 with live melanoma cells. As can be seen in Figure 2, three out of five 
mice (60%) that received the tumor cell vaccine plus SEA/SEB on Day 1 1 were still alive at 106 
days. This is at least three times longer survival than controls, which died by Day 36. The 
protected mice did not show any signs of tumor recurrence. Similarly, mice that received 
vaccine on Day 0 and superantigen on Day 7 showed significantly longer survival times, with 
one mouse still alive at 106 days, demonstrating the value of this treatment methodology for 
treatment of melanoma. Those skilled in the art will appreciate that demonstration of efficacy in 
a mouse model is generally accepted as a valuable predictor of efficacy in other species, 
including humans. 
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EXAMPLE 3 

MECHANISM OF SUPERANTIGEN ENHANCEMENT OF ANTIGEN-SPECIFIC IMMUNE 

RESPONSES -CELL MEDIATED RESPONSES 

While not wishing to be bound by mechanistic considerations, in efforts at elucidation of the 
mechanism of action of superantigen, mice were vaccinated with inactivated tumor cells, 
subsequently given SEA/SEB, and spleen cells were harvested for cytotoxic T lymphocyte 
(CTL) activity. Spleen cells were incubated with inactivated melanoma B16F10 target cells that 
were labeled with 51 Cr and target cell lysis was assessed 4 hours later. As seen in Figure 3, 
significant lysis of target cells (48%) was achieved at an effectontarget ration of 100:1. These 
data correlate with the protection observed in the death rate studies. Thus, significant CTL 
activity is observed in mice treated with a combination of vaccine and superantigens. 



EXAMPLE 4 

MECHANISM OF SUPERANTIGEN ENHANCEMENT OF ANTIGEN-SPECIFIC IMMUNE 
RESPONSES -HUMORAL IMMUNE RESPONSES 



Superantigens are known to activate CD4 + T helper type 1 (T H 1) cells or inflammatory T cells, 
which are involved in cellular immune responses such as aiding in the generation of cytotoxic 
CD8 + T cells. We were interested in determining the superantigen effects on CD4 + T H 2 cells, 
which act as helper cells for antibody production by B cells. Thus, in addition to determining the 
effects of superantigens on cellular immune responses to tumor cells, we undertook studies on 
the effects of superantigens on humoral immune responses. Specifically, we analyzed the effects 
of superantigen enhancement of antibody production to bovine serum albumin (BSA) in mice. 
C57B1/6 mice were injected with BSA alone, BSA followed by SEA/SEB on Day 7, or 
SEA/SEB alone on Day 7. Serum levels of anti-BSA antibodies were determined by ELISA on 
Day 14. SEB enhanced the BSA antibody response by approximately 2.3-fold (Figure 4). These 
studies have importance for enhancing the antibody response against soluble proteins, and to 
humoral responses to tumors and tumor associated and other antigens. 



* 
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EXAMPLE 5 

MECHANISM OF SUPERANTIGEN ENHANCEMENT OF ANTIGEN- SPECIFIC IMMUNE 

RESPONSES - CYTOKINE RESPONSES 

One of the hallmarks of superantigen activation of T cells is the production of cytokines, one of 
which is IFNy. In addition to its important immunomodulatory activities, such as enhancement 
of CTL, natural killer, and macrophage tumoricidal activities, it is known to have direct anti- 
proliferative properties (17-19). Thus, we investigated the effects of IFNy on the growth rate of 
B16F10 melanoma cells in an in vitro assay. Cells were plated in 24-well plates and treated with 
various concentrations of mouse IFNy for 72 hours, at which time cells were harvested and 
counted. IFNy had significant inhibitory effects on B16F10 melanoma cell growth, as much as 
75% inhibition at a concentration of 10 U/ml (Figure 5). Interestingly, we have found that serum 
samples from mice given SEA/SEB had IFNy titers that ranged from 30-300 U/ml. Thus, 
another possible mechanism for protection from melanoma by superantigen treatment may be the 
production of cytokines such as IFNy, which may act directly on the tumor cells to inhibit their 
growth. 

EXAMPLE 6 

TESTING OF SUPERANTIGENS OF VARYING VB SPECIFICITIES FOR ENHANCING 
ANTIGEN-SPECIFIC IMMUNE RESPONSES 

Superantigen compositions are tested following inactivated tumor cell vaccination for the 
relative ability to protect mice against live tumor challenge. Specifically, SEC1, SEC2, SED, 
SEE, TSST-1, and MAM and fragments or peptides derived therefrom are tested. C57B1/6 mice 
are used, with each treatment group consisting of 8-10 mice. Groups of mice consist of the 
following: 

Group I: No treatment prior to challenge with live tumor cells. 
Group II: Treatment consisting of vaccination only. 
Group HI: Treatment consisting of superantigen only. 
Group IV: Treatment consisting of vaccine plus superantigen. 
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The exact times of superantigen administration and the number of vaccinations are controlled 
and optimized. Mice are monitored for as long as 90 days in order to determine the relative 
protective abilities of the superantigen compositions tested. Prior to tumor challenge, mice are 
monitored for any possible toxic effects of the superantigens. The results obtained in this study 
form the basis for testing combinations of superantigens in the same animal model. 
Approximately 300 mice are used for these studies. 

EXAMPLE 7 

TESTING OF DIFFERENT COMBINATIONS OF SUPERANTIGENS TO E XPAND THE VS 
REPERTOIR INDUCED AGAINST SPECIFIC ANTIGENS 

To augment the anti-tumor T cell response by increasing the number of activated tumor-specific 
VP T cell subsets in the host, a cocktail of superantigens that activate a wide array of V(3- 
specific T cells are. Those superantigens that significantly protected mice against lethal tumor 
challenge will be tested initially in combination with SEA and SEB. The treatment groups will 
be as follows: 

Group I: No treatment prior to challenge with live tumor cells. 

Group II: Treatment consisting of vaccination only. 

Group m: Treatment consisting of combination of superantigens only. 

Group IV : Treatment consisting of vaccine plus combination of superantigens 



Mice are monitored for as long as 90 days in order to assess the efficacy of the superantigen 
combinations. Approximately 200 mice are used for these studies. 
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EXAMPLE 8 

TESTING OF DIFFERENT COMBINATIONS OF SUPERANTIGENS TO EXPAND THE VB 
REPERTOIR INDUCED AGAINST SPECIFIC ANTIGENS 

In order to determine the mechanism of protection of mice against lethal tumor challenge by 
vaccination/superantigen treatment, cellular responses and cytokine levels are tested. 
Specifically, CTL activity of spleen cells against B16F10 melanoma cells. Cytokines are studied 
by assessing the serum levels of IL-2 and IFNy as well as the ability of spleen cells from 
vaccination/superantigen mice to produce IL-2 and IFNy. These two T cell cytokines are 
produced in response to superantigen stimulation and are important mediators of immune 
responses. 

These studies are performed initially using SEA and SEB as the prototypic superantigens that 
confer protection against lethal challenge with live tumor cells. Other superantigens in optimal 
combinations are tested in a directly analogous manner. 

Mice undergo the treatment protocol and are challenged with live tumor cells. Approximately 7- 
10 days after challenge, mice are sacrificed and spleens are removed. Single cell suspensions of 
spleen cells are mixed with B16F10 target cells at various effectontarget ratios. After overnight 
incubation, supernatants are assessed for lysis of target cells using the CytoTox 96 Non- 
Radioactive Cytotoxicity Assay kit (Promega, Madison, WI), which measures the presence of 
lactate dehydrogenase (LDH) in supernatants via a colorimetric assay. LDH is an enzyme that is 
released upon cell lysis. 

Mice are also tested for serum levels of IL-2 and DFNy utilizing the same mice used for CTL 
studies. Mice are bled prior to treatment, prior to challenge, and prior to being sacrificed. Serum 
is tested for the presence of cytokines using commercially available ELISA kits (BioSource 
International, Camarillo, CA). Also, spleen cells are tested for the ability to produce these 
cytokines in vitro upon superantigen stimulation. Culture supernatants are tested for cytokine 
production by ELISA. Thus, the in vivo levels of IL-2 and IFNy, as well as the ability of spleen 
cells to produce these cytokines in vitro are determined 
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Studies such as these help define the parameters involved in protection against lethal doses of 
melanoma cells. 

EXAMPLE 9 

VACCINATION OF HUMANS USING SPECIFIC ANTIGENS AND SUPERANTIGENS 

Based on the above described murine vaccination studies, those skilled in the art will appreciate 
that humans are vaccinated in analogous fashions, with optimized levels of specific antigens to 
activate a particular cohort of antigen responsive cells, followed by optimized combinations of 
superantigens administered at an appropriate time frame in relation to antigen administration to 
achieve the desired enhancement in the immune response. In the event that anergy is desired, the 
step of antigen immunization may be eliminated or specific protocols may be implemented to 
achieve specific anergy of a given cohort of immune responsive cells. 

EXAMPLE 10 

SUCCESSFUL IMMUNIZATION OF MICE AGAINST AGGRESSIVE CANCER 

This invention disclosure demonstrates that we have successfully immunized laboratory mice 
against melanoma, one of the more aggressive forms of skin cancer. So far, immunized mice 
have survived for as long as 150 days after exposure to active melanoma cells. Unprotected mice 
died in a matter of weeks. If we just vaccinate mice with inactivated tumor cells, we get very 
little protection. But if we vaccinate the mice with inactivated tumor cells and then give them 
superantigens, we significantly extend the survival of the mice. Superantigens are proteins that 
are strong stimulators of the immune system. We use the superantigens to boost the response to a 
vaccine, which in this case was an injection of dead melanoma cancer cells. The research is 
based on the same process doctors have been using for years to protect people against illnesses 
such as polio, whooping cough and the flu. The interesting thing about vaccination against 
infectious diseases is that it's not a miraculous event. What you basically do is inject a part of 
the harmful organism into an individual under circumstances that will not allow it to grow or 
cause disease. What you've done is stimulate the immune system of the individual so that it is 
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revved up and is able to kill the infectious agent before it can get a foothold. We have disclosed 
herein the development of such an approach to dealing with cancers. The problem with cancer is 
that an individual's immune system doesn't immediately recognize a cancer as something it needs 
to fight. This isn't an invading bacteria or virus, these are your own cells, and the immune system 
is primed to not mount an immune response against itself. So when you get an immune response 
against cancer, part of the problem is that it's foreign and yet it's not, so you get a weaker 
response. We have demonstrated that by administering an appropriate superantigen at an 
appropriate dosage and at an appropriate time after administration of the antigen, we are able to 
amplify the immune response so it becomes a very strong response and can eradicate the tumor. 
In this manner, the "tug of war" battle between the immune system and a cancer, in which the 
immune system wants to defend against the cancer but just can't manage it on its own, is tipped 
on the side of the immune system. Unfortunately in a significant amount of people, the immune 
system doesn't respond fast enough to be protective against cancer. With superantigens, we tip 
the scale more in favor of the immune system against this cancer, making it predictable that 
based on this technology, individuals may be routinely vaccinated against certain cancers. 
Normally kids are vaccinated against infectious diseases before they attend school. It is not 
common practice, however, to vaccinate against cancer. But the studies disclosed herein indicate 
that in cases where tumors have a clear-cut antigen associated with it, we have now provided a 
methodology for immunization against cancer. It is generally accepted that nothing would please 
doctors that treat melanoma more than the development of a method of keeping people from 
coming down with the disease. "Melanoma is a very aggressive form of skin cancer and 
prevention or early detection are the two keys to its treatment," said Dr. Robert Skidmore, 
interim chief of division of dermatology and cutaneous surgery at Shands Hospital at UF. "The 
possibility of preventing this cancer through immunization would be a fantastic way of reducing 
both morbidity and mortality associated with melanoma. "It will put me out of business, but 
that's fine," he said. "I'll find something else to do." The American Cancer Society predicts that 
47,700 people will be diagnosed with melanoma this year and 7,700 of them will die from the 
disease. 
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EXAMPLE 11 

PROTECTION OF MICE AGAINST TUMOR CHALLENGE IS DEPENDENT ON THE 
TIMING OF SUPERANTIGEN ADMINISTRATION FOLLOWING VACCINATION 

Figure 6 shows protection of mice against tumor challenge is dependent on the timing of 
superantigen administration following vaccination. C57BL/6 mice were vaccinated i.p with 
lxlO 6 irradiated B16F10 melanoma cells at day 0 and subsequently injected i.p. with 25 |Jg each 
SEA and SEB at either day 6 or 10. As can be seen, Mice receiving no treatment, vaccination 
only, and SEA/SEB only served as controls. All mice were challenged i.p. with 2.5 x 10 5 live 
B16F10 cells at day 13. Mice were evaluated on a daily basis and sacrificed when moribund. As 
can be seen, some mice receiving vaccination and SEA/SEB survived as long as 150 days post 
challenge, while all control mice died by approximately thirty days post challenge. It is 
predictable that these results are reproducible in humans. Mice are known to be less receptive to 
stimulation with SEA and SEB than humans. Accordingly, it is to be anticipated that the human 
reaction to this treatment is more pronounced. In addition, it is known that SEA is a very potent 
immune system stimulator. Accordingly, those skilled in the art would understand that SEA 
alone could be used, SEA plus other superantigens than SEB, or other superantigens, without 
SEA, through routine experimentation based on this disclosure. 

EXAMPLE 12 

PROTECTION OF MICE AGAINST TUMOR CHALLENGE IS DEPENDENT ON THE 
DOSE OF SUPERANTIGEN ADMINISTRATION FOLLOWING VACCINATION 

Figure 7 shows protection of mice against tumor challenge is dependent on dose of superantigen 
administered following vaccination. C57B1/6 mice were vaccinated i.p. with lxlO 6 irradiated 
B16F10 melanoma cells at day 0 and subsequently injected i.p. with 6.25 |Jg, 12.5 |Jg , or 25 |Jg 
each SEA and SEB at day 10. As can be seen, Mice receiving no treatment, vaccination only, 
and SEA/SEB only served as controls. All mice were challenged i.p. with 2.5 x 10 5 live B16F10 
cells at day 13. Mice were evaluated on a daily basis and sacrificed when moribund. As can be 
seen, the greater the superantigen dose administered to mice, the greater the survival achieved. 
Due to possible toxicity side effect, it would be understood that an upper limit in humans would 
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need to be respected in order to avoid such effects. However, those skilled in the art informed 
with the present disclosure could determine optimal doses through routine, if cautious dose 
titration in human clinical trials. 



Figure 8 shows vaccination followed by superantigen adminsitration results in increased 
tumoricidal activity. C57B1/6 mice were vaccinated i.p. with lxlO 6 irradiated B16F10 
melanoma cells at day 0 and subsequently injected i.p. with 25 (Jg each SEA and SEB at day 6. 
As can be seen, Mice receiving vaccination only, and SEA/SEB only served as controls. 
Splenocytes were harvested at day 9 and CTL activity was determined by standard 4 hour 51Cr 
release assay. As can be seen, only splenocytes from mice treated by vaccination and 
superantigen showed tumoricidal activity at a ratio of 100: 1 (effector:target cell ratio). 

EXAMPLE 14 

SUPERANTIGEN RESULTS IN INCREACED CYTOKINE PRODUCTION 

Figure 9 shows superantigen administration results in increased serum levels of rFNy. C57BL/6 
mice were injected i.p. with 25 |Jg each SEA and SEB. Serum samples were subsequently 
collected at appropriate time points and analyzed for IFNy by ELISA. No IFNy was detected in 
serum from mice receiving no treatment. (43 pg is approximately equal to 1 unit IFNy), while 
SEA/SEB recipient mice demonstrated a significant increase in cytokine production. 

EXAMPLE 15 

INCREASED LEVELS OF CYTOKINES INHIBITS TUMOR CELL PROLIFERATION 

Figure 10 shows that IFNy inhibits cellular proliferation of B16F10 melanoma cells in a dose- 
dependent manner in vitro. Cells (lxlO 4 cells/well) were treated with or without IFNy at 
concentrations ranging from 0.1 to 10,000 units/ml for 72 hours. Cells were then harvested and 
the total number of live cells was determined by direct cell count. Cell viability was 



EXAMPLE 13 



ENHANCEMENT OF TUMORICIDAL ACTIVITY 
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approximately 88%. Data from representative experiments are expressed as total number of cells 
per sample + S.D. Statistical significance was shown by Student's t-test between the number of 
cells in the presence and absence of IFNy (PO.04). It can be seen that increasing levels of 
cytokine increasingly inhibit cellular proliferation. 



EXAMPLE 16 

INDUCTION OF LONG-LASTING IMMUNE MEMORY 



Figure 11 shows protection of long term survivors against rechallenge with live B16F10 
melanoma cells. C57BL/6 mice surviving beyond 150 days following vaccination, superantigen 
administration, and subsequent live B16F10 tumor challenge were rechallenged i.p with lxlO 4 
live B16F10 cells at day 0. Mice receiving no treatment served as control. Mice were evaluated 
on a daily basis and sacrificed when moribund. As can be seen, 100% of mice treated by 
vaccination and superantigen treatment and subsequently challenged, survived rechallenge for up 
to approximately the 50 day time period followed. This survival of rechallenge demonstrates the 
elicitation of long-term memory immune responses in the treated animals. 



EXAMPLE 17 

SPECIFICITY OF THE ENHANCED IMMUNE RESPONSE 



Figure 12 shows vaccination followed by superantigen administration induces a specific immune 
response. C57BL/6 mice were vaccinated i.p. with lxlO 6 irradiated B16F10 melanoma cells at 
day 0 and subsequently injected i.p. with 25 |Jg each SEA and SEB at day. 10. Mice receiving 
no treatment, vaccination only, and SEA/SEB only served as controls. All mice were challenged 
i.p. with lxl 0 6 live Lewis lung carcinoma (LL/2) cells at day 13. Mice were evaluated on a daily 
basis and sacrificed when moribund. As can be seen, this treatment does not protect the mice 
against challenge with an unrelated organism, demonstrating the specificity of the enhanced 
immune response (i.e. there is not a generalized state of hyper-immunity that is induced). 
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EXAMPLE 18 



METHOD OF TREATING DISEASE 



Figure 13 shows superantigen prolongs the survival of mice with established tumor. C57BL/6 
mice were challenged i.p. with live B16F10 cells at day 0 and subsequently injected i.p with 25 
[}g each SEA and SEB at day 6. Mice receiving no treatment served as control. Mice were 
evaluated on a daily basis and sacrificed when moribund. Not only does this result demonstrate 
that animals and humans suffering from a tumor may be directly treated with superantigen and 
that a beneficial result may be achieved thereby, just as significantly, or more significantly, this 
result demonstrates that where a tumor is removed, either by excision, radiation treatment, 
chemotherapy, and the like, subsequent re-exposure of the patient or animal to inactivated tumor 
cells followed by administration of appropriate superantigen(s) is expected to produce a strong, 
specific, tumoricidal and anti-tumor immune response. To this end, we have also demonstrated 
an early NK (nonspecific) immune response, followed by induction of CD4+ (antibody inducing) 
and CD8+ (cytolytic) subsequent response. 
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